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Abstract: Since the detection of cervical intraepithelial neoplasia (CIN) is increasing due to regular cervical cancer
screening, there is a high demand for simpler tools to diagnose and treat CIN in the clinic. In this study, we proposed
an electric property of cervical tissue to verify treatment using a laser. At first, we observed the depth and width
of ablated cervical tissues for 29 samples according to four different pulse energy of the fractional CO, laser to find
enough pulse energy to reach the basement layer for initiated CIN. And then, the relative frequency differences in
impedance spectrum before and after laser irradiation for ten non-CIN samples were collected using bioimpedance
spectroscopy with a multi-electrode probe. As a result, the laser ablated the cervical tissues with a depth of more
than 300 um at 100 m] pulse energy. Also, we confirmed that the relative changes of electrical property for cervical
tissue increased as the pulse energy of laser output increased, and the variation between samples decreased. Since
the relative change in electrical properties of cervical tissue can be easily and quickly measured, the proposed tech-
nique paves the way for further verification and follow-up study of laser treatment for CIN.

Key words: Laser treatment, Impedance spectrum, Cervical intraepithelial neoplasia, Verification tool

*Corresponding Author : Dong Choon Park

Department of Obstetrics and Gynecology, St. Vincent’s
Hospital, College of Medicine, The Catholic University, Suwon
16247, Korea

Tel: +82-31-881-8680

E-mail: park.dongchoon@gmail.com

*Corresponding Author: Tong In Oh

Department of Biomedical Engineering, College of Medicine,
Kyung Hee University, 26 Kyungheedae-ro, Dongdaemun-gu,
Seoul 02447, Korea

Tel: +82-2-961-9607

E-mail: tioh@khu.ac.kr

B A7l PRALYDL F3) 357] 44 5 FA0] Ao (NRF-
2019R1A2C1086807, NRF-2020R1A2C1008975)1} w85 A¢]
(NRF-2020R111A1A01066649), ARIAIEH Y AAFojstd~ta v}
A (VC20TISI0072)2 58] A Y& ol 351312

LM B

Ao RaE 27] WA A 87T der dHA 9l
oH[1], theil=olA= 200 o] oS tie = 2dnt
o 2771 Al A7 A Pap smean)E: AATs}L
SIcHz]. oleiet ol %2 TRl AT ABHR
AH] ) W (Cervical Intraepithelial Neoplasia; CIN)2] 1
To] 715t GIcH1]. @4 CINS Shals) A ze] Sga
FHor d5EAso] 7 A o2 AEaL glent(3],
HFEAAHLE ofg] 7] dHSS S 4 ke Tl
A A Ee] FRbolu ofgke Ay AR el ot
o A AR RARES YER AL Qlek[4]. #2 CIN ¥ <

409



410

o)A £A A AR A 0] Atk 27184 Adeg v

o

o]

ot 237 ol

A= 2|2 AZET0] 7RsA B} - 312 etal.

w =718

—-

Uﬂ/ﬂ B} gapdo| HA

wHPHo R HEE T Q6] 1
219] 79-oF o] 2210 & U 4
NUAE 2ARsHE = 24)0] 7]3kE= =7t E}Eﬂ Eﬂfoﬂ
288132} sz 2o el Aget glo]A Al gtebu|ElE
FH= Alo] dasiet 3L HojAE o] 85t AR A
AA L] Aol AAE 23S d& o §lo] A&7 ¥
et 2A3HA Adbo] E7FsshH[7], a4 4E w4 7t
5701 qlet. glolAl AR - 10-20% FAtellA] A 7FsAdo]
At Has e8], FolAE o83t e A i
%4011 tHffP Hli‘%@ A 3 ¢4 A5 Az 37 2

Fasitt. 2=u 718 drgdolu A

FHs= A A, BE&A AL

_F'i
_;
mju

1=
2AAHS 0}g8lo] AR oflelebe AEA% A
oo ZREHE AZA|AH &2AHEH EA JuuAs AFHE
A CING Agkst A 712977k A= gleil]
3L, RF ablationo|4 cryoablationo] 9J3f 2219 L2}
do] F4sH HEE wf, Arede I Hakelr] wheel
o Adron ZHTto K 249 AuE BULGY &
ol gl HaWad Ao Awot

k. olRt 54
= POIEOH TOR 1 1 o] 4EFES ®ol1L ALES
=

2 B ohfet dolAE ojg
wav} 757 #4 _ﬂoﬂi ARzl 47184
2 ol§F 4 e AR /HT 4 grk.

® 297 0] g3zl T CO, FolAle]
s ol RO APt S 4% 209
Bk, 10e] B4 98 AgARs
42 oz ool 97} el YRz LAEY Aol
SA4stel AaU4 dolA AR T, ZAA Woke)
24 PAETRY B8 MsAS WISt wi

I ed51 2y

1. AZHETE CHA H0|M olteist 24 Al
B ZHEYost A BAEEY dAAEAASY

3]9] 3]7HVC20TISI0072)E o} At3te] Fol 5 i
Ase o At AEARe] CIN Wlo 1
ofA] HolmlAslo g 2P AELS Hho 42~644 It
We o AgHREKS AAA 251 +
Myoma)d} 42] A-gdALZ(Adenomyosis) O = {‘4
st TR GLOn], AgAREoR AU 34 F 2
Ao 78 7 (Cervicitis) FRFSIICE 24} 29 5 26
#H7go] 2P e Aeisict. dAE A5 249 X}%Zﬁi
Hol Pyt AAT} FFHUA= 2.64+1.4 cm Gt F=
IARZAL Yo HHE W BAS AAS] 93 w

Gol FH5| A A= REGA AHsto] Wely
Elo]#] 2ol 1A AIZT

22 Eo] 44 FEel 42 WA 2 /1% 5 92§
| g27]|7|12 Wo] ARREal 9l Fractional CO; #|o]A
(eCO2™ Plus, Lutronic, USA)S AME3}o] a7 H 20
gt dolq Qzbelsr BAABE AASGL A3t o]
Ae i g8 Hold &< 7H 10,600 nm IH-S
7HAI ], glo]A] ThE 10 W= g A7]aL, H2|AE 4,
10, 50, 100 mJ= HASHA Z8|= 297[19] AFAE A
=29] 3, 6, 9, 12 A] WaFe] 4 o 9]9] 47}x] tp2 H
2oUAE e dolNE 242k 2AE. dol Aot
AlFE= 120, 300, 5009 5 F Zlo|7t Fxtol| sidsl=
300 glo]A] =B Jetof| FUSHA AFAA H oY

—|~ EQ, rlo
S o

rti

S
£

B rlo rlo i o

A

1> >

Aol m 2}ol S Hlwek 4= QIS sl o, 3008 ARRA] &
o)A £8L& 1 mm 7+49] 647) EQIEo] EA] ZAFETH

HLo|HA7F thE do|AE AR A BRERAS 7HE
8 mm, A= 8 mmé| PIA|= HIFT 5,
= A& o] ule} FAA(formalin acetic acid aloohol)i ar
1T, 5o, W4 TS AA stekdo] Tl 14
ZAL 3|74 nlo]| 22 E(RM2145, Leica, Germany)
o]-g5to] 20 pm FAR 22 0] &4 glo] ofA et o A
02 Asolsich. ol 7} 2418 2 el o 500
o= 4702 sfeE ARL AL T, dolA] 2A ket
IR 4] Zolo} elE 245p] 915 Haematoxylin-
Eosin(H&E) 941& 2359t
glo]A] QI7F & 2o PAJH mAFAE Micro Ablative
Column; MAC)9] 70|} 1u}Z =4517] $13) H&E o5 %
A} g7 5 Al 75 Ar]7% (DP74, Olympus, Japan). & 2
3}t CellSens Standard 3.1(Olympus, Japan) 21
2L o] &slo] =Aser MACZF 23kE 1260x900 um?
37]9] 28 B3t AROA] ZEIH W 24 BES ol&
sto] oA zAte] ot Apa =4 | MACS| Zlo]¢}
HelE S48tk 13 12 100 md H2oUAE 217154
MZO] & HojFa ot 18 104 ugfd FHA viAag
FAIE ¥ H&E A F8l &l o= Q= dlolA <l

LA C R [ va T AR

o, rﬂ

& r}i



Journal of Biomedical Engineering Research 43: 409-416 (2022)

Zone of
' intensified
staining

. Measured

| depth and
width of

' incision

e S B

JE 1 Eﬂom 2AK100 mJ, 10 W) z}%wg_\?_z,\_xl
Fig. 1. Cervical tissue after laser irradiation (100 mdJ, 10 W case)
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Table 1. Demographic information on cervical tissue samples
with electrical properties measured before and after laser
irradiation
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Tissue samples N=10
Age (Median (min-max)) 38 (32 — 46)
BMI (Mean + SD) 22.61 =+ 1.42
Menopause 4
Conization size (Diameter, Mean + SD) 1.73+1.2
Adenomyosis 2
Myoma 8
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Fig. 2. Bioimpedance spectroscopy system and simulation results (a) Bioimpedance spectroscopy system (BIS) with a multi-
electrode probe, (b) Simulation results for the area where electrical properties can be measured by the BIS system with a multi-

electrode probe
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Fig. 3. Depth (a) and width (b) of cervical tissues removed according to the applied laser pulse energy(4, 10, 50, 100 mdJ)
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